Conformational possibilities of a series of deoxyguanosine analogues possessing or lacking antiviral activity were evaluated using methods of the molecular mechanics. Comparison of the spatial structures of acyclic analogues with one another and with the spatial structures of deoxyguanosine demonstrates restricted conformational mobility for compounds devoid of activity. The level of sterically allowed superposition of functional groups from the acyclic moieties of analogues and the corresponding atomic centres of deoxyribose could serve as a criterion of activity. The superposition could be performed in two different ways through either of the nonhydrogen substituents at the Cl' atom in the fivemembered ring.
INTRODUCTION
Acycloguanosine (acyclovir) is a highly effective selectively acting drug supressing Herpes Simplex Viruses of the types I and II. The selectivity of acyclovir i3 explained by the fact that it serves as a good substrate for thymidine kinase from virus-infected cells. (Hence this enzyme recognizes acyclovir as a thymidine analogue). The acycloguanosine monophosphate thus formed undergoes phosphorylation by guanylate kinase to diophosphate and further to triphosphate. Therefore, acycloguanosine monophosphate is recognized by guanylate kinase as a guanosine monophosphate analogue. Acycloguanosine triphosphate also acts as inhibitor of DNA-polymerase from virus-infected cells and competes with dGTP as a substrate. In this reaction it is recognized as a dGTP analogue .
The molecular mechanism described above provides a theoretical background for attempts of effective synthesis of acyclic nucleoside analogues. So far, as a rule, only similarity at the level of structural formulas or certain intramolecular atom-atom distan-ces has been taken into account (see ref. [1] ). For instance, it has been suggested in ref.
[2l, that the similarity of Cl-CH' distances in acyclovir and its analogues can serve as a measure of antiviral activity. The next step in this direction could be a comparison of the spatial structures of nucleosides and their acyclic analogues, a major factor affecting the manifestation of biological activities; hence this would involve investigations into conformation-function relationships. We have attempted to apply this approach to deoxyguanosine (compound I in Fig. 1 ) and its acyclic analogues described in Table 1 . It is important to note that the oonformational possibilities of natural ribo-and deoxyribonucleosides are fairly similar [3] [4] [5] [6] . In our case, however, the task is complicated by the high conformational mobility of acyclonucleosides, making the results of X-ray analysis untenable (see, e.g., ref. [71) . In this connection, methods of molecular mechanics are very useful, whose application to the problem outlined above forms the subject of the present communication.
METHODS
Energy calculations. Theoretical conformational analysis was performed assuming a rigid valence geometry (the values of bond   06  II   H  C6   \l  C5  N7  I  II  II  H  C2  C4  C8- 
HA-\ /
HI'-,.,, >25O [11] lengths and valence angles for the base were borrowed from [8] ,
for substituents at N9 from [J] and from data on similar compounds). Atom-atom potential functions, partial charges on atoms and torsional potentials were the same as in [9] . The value of dielectric constant e-2.0 was used for calculations of electrostatic interactions.
Estimation of variation range for interatomic distances. The largest and smallest values of interatomic distances r.. depending on the set of torsional angles T. were determined in the following way: a multidimensional parallelepiped with the edge AT.
was randomly filled with multidimensional "points" {T, } in accor-
dance with the algorithm described in ref. [10] . The hard sphere potential was used in order to account for the interactions between the atoms involved in distance calculations. Interactions between other atoms were not taken into account. The points {T. } causing an overlap of interacting atoms were discarded from the sample.
Estimation of spatial similarity for a pair of conformations.
We used the following criterion of spatial similarity for a pair of conformations A and B:
where N is the number of atom pairs for superposition and X, Y and Z are the Cartesian coordinates. Conformations were superposed in accordance with the best molecular fit algorithm [11] . We also used a specially elaborated procedure which allows to vary internal coordinates (torsional angles) for one of the conformations while the coordinates of the other remain fixed (deoxyguanosine was considered as a "fixed" molecule in this work). Such changes were restricted by the condition that differences in conformational energy between the global energy minimum and the final point of variations ("energy gap") must not exceed the AU value. Thus the flexible molecules of acyclic analogues were "imposed" onto the rigid conformation of the nucleoside.
RESULTS
Insight into the spatial structures of nucleosides (the conformational similarity of different nucleosides was mentioned analysis gained for ribose [5] and adenosine [6] . Thereby sterically allowed regions for the angle T. were selected. The values of T 2 and T, angles corresponding to the equilibrium conformation of the C(2")-endo and C(3*)-endo types for ribose were also obtained in ref. [5] at e=3.5. The minimal and maximal distances between the atoms which are most important for the manifestation of biological effects were obtained by assuming freely rotating angles T-,J Thj tr and Ty. These "key" atoms were 03' and 05' in ribose and Nl, N3, N7, N9, 06 in the base. The calculations were performed in accordance with the procedure described above. The results are summarized in Table 2 .
Energy calculations for the acyclic analogues of the nucleiside described in Table 1 were performed for molecules possessing and lacking antiviral activity (molecules II-VI and VII-VIII, respectively). Since the molecules VI-VIII can exist in two enantiomeric forms and their biological testing was performed for a racemic mixture, each of the forms was treated separately. In total energy calculations were carried out for ten compounds.
The first step of energy calculations included molecules II-V. Conformational energies were minimized for structures representing all combinations of the rotamers t, g+ and g~ for all angles of internal rotation around single bonds, except for the C-OH bond for which the energetically optimal rotamers were ob- tained using the algorithm outlined in ref. [12] . As a result, the lowest conformational energy estimates were obtained for each molecule. The high conformational mobility inferred for the biologically active compounds was based on the fact that 97? of structures for molecule II, 100* for molecules III and IV, and 66J for molecule V are within the 5 kcal/mol energy span. This conclusion is in a good agreement with the results of calculations performed foracyclovir [16] .
It is noteworthy that one of the low-energy structures of compound II is fairly similar to that obtained from X-ray analysis data [7] (see Table 3 ). This fact supports the reliability of calculation methodology used in the present work.
A better insight into the conformational mobility of biologically active molecules could be obtained from conformational maps over the dihedral angles T. and \. for these compounds (Fig. 2) . Conformational energy at each point of the map was minimized with respect to all the remaining angles. It should be noted that these obtained maps are fairly similar to those obtained by optimizing the remaining angles in accordance with the algorithm in ref. [12] . Maps for compounds VII and VIII calculated in such a way are presented in Pig. 3. Energy profiles over each T T~TQ angle were also obtained for the compounds II-VI (the values of other angles were optimized). Thereby the sterically allowed regions for the T^"T g angles were determined.
By comparing the maps in Fig. 2 and 3 one can see that the common sterically allowed regions are different for the active (II-VI) and nonactive (VII-VIII) compounds. This fact supports the assumption that conformational factors are important for the Table k ) between the oxygen atom in the acyclic parts of the molecules and the atoms of the base listed in Table 2 demonstrates that the use of these parameters does not allow to distinguish between active and inactive compounds. For all compounds the distance limits in Table   4 , which were calculated bearing in mind the previously determined sterically allowed regions AT. for all torsional angles overlap with the corresponding distance limits from Table 2 .
In other words, the hypothesis that the biological activity of compounds is mainly determined by the spatial location of the "key" oxygen atom relative to the base (e.g., [2] )cannot be supported. Apparently the spatial location of other atoms in the acyclic parts of the molecules is also important for mimicking the positions of the corresponding deoxyribose atoms in the nucleoside.
The acyclic parts of compounds from Table 1 could, in principle, be superposed on deoxyribose atoms in two different ways: by going either through atom 01' or through atom C2'. In one of these cases the deoxyribose angles T_ and T, could be fixed in conformations corresponding either to the C(2')-endo or C(3')-endo structures, while in the other case the same was valid for the angles %2 and ri. The assessment of similarity between flexible acyclic analogues and the nucleoside by using the previously described al- gorithm is documented in Table 5 . A rigid conformation of the nucleoside with T =-90° was used. The atoms Nl, N3, N7, N9, 06 from the base and the atom pairs from deoxyribose and the acyclic analogues mentioned in Table 6 were used for superposition. The "starting" conformations for the flexible acyclic chains were chosed from the sets of T-, T_I T, angles corresponding to local energy minima close to those in the nucleoside. An energy gap (AU) of 6 kcal/mol above the global conformational energy minimum was set for each active compound II-IV. In the case of inactive compound VII and VIII this energy gap was of 8 kcal/mol. The values of conformational energies U corresponding to the global minimum were obtained for every compound on the basis of conformational analysis or conformational maps as described above. Only the results providing the D values less than 1 8 are included in Table 5 . Two kinds of results are listed in Table 5 for inactive compounds VII and VIII. The results taking into account the position of C2' atom are given in brackets.
The results obtained demonstrate that for all active compounds an excellent spatial superposition (D =: 0.1 A ) can be achieved within the energy gap AU = 6.0 kcal/mol. In principle, one could obtain the same level of superposition for inactive compounds (VII and VIII from Table 5 ) as well, but in this case the AU value would be overestimated (see e.g., the cases of D = 0.0^ 8 2 and AU = 8.0 kcal/mol for compound VII 1 or D = 0.05 8 2 and AU = 6.9 kcal/mol for compound VIII 1 in Table 5 ). Thus it can be concluded that simultaneous fulfillment of spatial similarity and low energy requirements allowed us to distinguish between active and inactive acyclic analogues of deoxyguanosine.
A similar problem was discussed in [15] , however, the desired level of distinction between the analogues was not achieved. It can be guessed that a possible reason for this failure was the description of spatial similarity of conformations in terms of torsional angles instead of the Cartesian coordinates of atoms. In our case the level of excellent spatial superposition is demonstrated in Fig.' I, where deoxyguanosine and acyclovir molecules are shown.
CONCLUSIONS
1. The conformational mobility of acyclic analogues possessing and lacking antiviral activity is substantially different.
2. The spatial location of the oxygen atom, involved in enzymatic phosphorylation with respect to the base is not the sole factor determining the biological activity.
3. A computational algorithm which allows to distinguish between active and inactive analogues on the basis of energetical and spatial superposition levels for the conformations of a nucleoside and its acyclic analogue was elaborated.
4. The acyclic parts of biologically active molecules can be superposed on deoxyribose atoms by going through one of the two branches leading through either nonhydrogen substituents at Cl' in the five-membered ring with accuracy of D 6 0.1 A within the energy gap of 6 kcal/mol.
